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Relationship of Functional Residual Capacity
to Various Body Measurements in Normal Sheep

Thomas G. Mundie, Kenneth T. Dodd, and Michael Lagutchik

Abstract I Functional residual capacity (FRC) was determined by nitrogen washout in 55 normal sheep. Data
on various external body measurements were collected which included body weight, chest circumference, chest
width, body length, height, and sternum length. In addition, data on wet lung weight and wet lung weightibody
weight ratio were collected on 10 of the sheep. A significant correlation was found between FRC and all mea-
sured parameters except height and sternum length. Multiple linear regression of all external body measure-
ments showed the best correlation of FRC to body weight and body length, while the addition of chest circumference
and/or chest width did not significantly improve the correlation. Significant deviation from the population was
noted in three sheep t5.5f) that had lung weight/body weight ratios which were significantly lower than the rest
of the population.

Functional residual capacity (FRC) is the 'UIumc of air in After administration of topical anesthesia Cetacame spray),
the lung at the end of a normal breath It is the point at which each animal was intubated transnabally with a cuffed endo-
the elastic recoil of thc lungs and the chest wall balance one tracheal tube (custom 40 cm long, 7.5 mm silicon, Bivona,
another. Normal FRC may be altered by several disease states Gary, IN) ubing a fiburoptic bronchoscope. The endotracheal
or Nentilatory support methods. Sheep are being used increas- tube was securcd in place by role gauze. Sheep were allowed
ingly in in'estig.,tions of pulmonary function when direct to stand in a metabolic cage but their heads were restrained
detekmination of FRC is impossible and an estimation of FRC by a muzzle and vertical padded ba,s. Before FRC determi-
is needed. Normal FRC values for sheep have been reported nation, each animal was acclimated to the restraint and
in liters (1), however, to our knowledge, no equation for esti- allowed to stand undisturbed in the metabolic cage for sev-
mating FRC from weight or other body measurements has eral minutes to attain resting ventilatory parameters. Th.
been reported. We sought to determine the relationship of procesb of intubation, FRC determination, and extubation
FRC to arious external body measurements, as well as to took no more than 30 minutes. If animals became agitated
lung weight fur the range of animal sizes used in laboratory or began to hypenentilate, they were not used. Neither food
studies and to establish a method of estimating FRC from nor water were withheld from the sheep before experimen-
external body measurements. tation.

The following external body measurements were made on

Materials and Methods the sheep while in the standing position. Body weight (WT)
was measured using a digital floor scale: body length fromFift-fie nrmal Q-eve negtiv, mxed-rce, ault the base of the tail to the nose (LGTH), following the contour

female sheep (Ovis aries) (21 to 56 kg) were acquired from a the das of the o ease using a cotyr

commercialof the dorsal aspect of the body measured using a cloth yard-

tined for 3 weeks. They were housed indoors and feeding was stick; height (HT) measured at mid-chest level; chest cir-
tinned3 weks.ithe andrehused indo n feedtwith bay. cumference (CIRCUM) measured at the end of exhalation at

maintained with standard sheep feed supplemented measurey the level of the Xiphoid process so as not to get significant
The sheep were closely shorn for external body measure- contribution from abdominal contents; chest width (WDTH)

ments. The study protocol was approved by the Institutional measur al/ve nal t nte i est i th ribcag
Animal Care and Use Committee of the Walter Reed Army measured dorsal/ventral at the widest portion of the rib cage
Institute of Research. During the conduct of the research using X-ray calipers. While the sheep was in dorsal recum-
described herein, animals were used according to established bency, the sternum length (STERNUM) was measured from
gidesrie he , athe distal tip of Manubrium to the distal tip of the Xiphoid
guidelines (2). process. In addition to these external body measurements,

wet lung weight (LUNG-WT) and wet lung weight/body
weight ratio (LWT/BWT) were determined in 10 sheep as part
of a control necropsy in other studies. Necropsy results indi-

Department of Respiratory Research, Division of Medicine, Walter Reed cated no evidence of lung injury or abnormalities.
Army Institute of Research, Washington, DC 20307.5100.

Address correspondence to Dr. Thomas G. Mundie, Department of Clinical FRC was determined by the nitrogen washout method as
In.estigLion, 'rriplr Army Medica, Cuntur, Ilunululu, II1 %685D. originally described by Darling et al. (3). Respiratory flow
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Figure 1. (A) Relatiunship of functional residual capacity (FRC) to vanuub body meaurementh including body "eight, (B) chest circumference,
(C) body length, (D) chest width, (E) sternum length, (F) height, (G) lung weightbody weight ratio, (H) lung veight Dark circles represent
data points excluded from by Andrews' sine regression weighing procedures.

was measured using a heated pneumotachometer (Model 7%Nz(alveolar 1) = Fraction of N2 in the alveolar gas

3500, Hans Rudolf, Inc., Kansas City, MO). Inspired and initially
expired flow was directed using a large two-way nonre- %N2(alveolar 2) = Fraction of N, in the alveolar gas

breathing valve (Model 3813, Hans Rudolf, Inc.). On the at the end

inspired side a manual three-way directional stopcock valve N2(tissue) = Volume of N2 %ashed out of the

directed inspired air from either room air or 100% 02. On the blood/tissues (40 ml/min/kg).

expired side, a similar 3-way valve directed expired air to Separate linear regressions were performed on each

either room air or a 40-liter collection bag. Air was sampled measurement parameter related to FRC and the correlation

proximal to the pneumotachometer for analysis of N1 con- coefficient (r) was determined. The level of significance of

centration kFN 2) using a mass spectrometer. The above the linear regression was determined by a hypothesis test of

described circuit was similar to previously described meth- the slope of the regression line. Significance was accepted at

ods (4). Respiratory flow and FN, data were collected into a P < 0.05. In addition, multiple linear regression was per-

PC-based data acquisition system (CODAS, DATAQ, Inc., formed on WT, LGTH, CIRCUM, WDTH. Andrews' sine

Akron, OH). Tie expired flow signal was integrated to yield robust regression weighing procedure %as used to detect and

expired volume. The sheep was attached to the breathing exclude outlying data points. Once these outliers were

apparatus and allowed to breath room air for several min- excluded, multiple linear regression was performed without
utes. At end expiration, both three-way valves were switched weighing.
so that the sheep was inspiring 100% 02 and expiring into
the collection bag. FN2 was monitored until the peak expired Results
concentration was <5%, at which time the valves were The relationship of FRC to various body measurements is
returned to room-air breathing. FRC was calculated using shown in Figure 1 (Panels A-H). A statistically significant

the following equation (4): correlation (P < 0.05) was found between FRC and WT (W. =

%N2(final) x Expired Volume - N2(tissue) 0.488), LGTH (2 = 0.446), CIRCUM (r2 = 0.450), WDTH (r =

FRC = %N2(alveolar 1) - %N2(alveolar 2) 0.383), LUNG-WT (r2 = 0.766) and LWT/BWT (r 2 = 0.487),

where, but not between FRC and HT (r2 = 0.058) or STERNUM (r =
%N2(final) = Concentration of N2 in the volume 0.053). FRC correlated best with LUNG-WT and can be esti-

expired mated from the equation:
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FRC (liters) - (3.34 * LUNG-WT (kg)) - 0.33. Table 1. Comparison data for functional residual capacity (FRC)
Multiple linear regression of external body measurements and sheep body weight

FRC FRC
WT, LGTH, CIRCUM, and WDTH showed that FRC can best veighta (hters) (mifC Methodb  Reference
be estimated from WT and LGTH using the following equa- 35.9 1.41 39.2 N2 present study
tion: 37 1.18 31.9 TGV 8

FRC (liters)= (0.0271 * WT (kg)) + (0.0168 * LGTH (cm)) 60 1.40 23.3 lie 9
40 1.14 28.5 TGV 10

- 1.4067 32 1.00 31.3 TGV 11
where, r2 = 0.536. 24.5 1.11 45.3 TGV 12

34 1.40 41.2 TGV 13Addition of CIRCUM and WDTH to the multiple regres- 40 1.77 44.3 TGV 14
sion equation did not significantly improve the correlation 35 1.31 37.4 TGV 15
coefficient (r2 = 0.538). The external body measurements 35 1.35 38.6 TGV 16

29.2 0.75 25.7 lie 17of three sheep (solid circles in Figure 1) did not correlate -Sheep body weight reported as mean or median value.
well with FRC. Andrews' sine regression weighing proce- lMethod of FRC determination. N2 = Nitrogen washout, ie = Helium
dures were used to exclude these data from all linear regres- rebreathing, TGV thuracic gas %olume, plethsmugraiphy.

sions (Panels A-G) except the linear regression of LUNG-WT
(Panel H).

The views of the authors do not reflect the position of the

Discussion Walter Reed Army Institute of Research, the Walter Reed
Nitrogen washout determination of FRC in normal sheep Army Medical Center, the Department of the Army, or the

was relatively uncomplicated and easily tolerated by most Department of Defense.

sheep. No significant problems were observed. For male and
female adult humans, FRC has been most closely correlated
with height but has also been estimated from a combination References
of height, weight, age and/or body surface area (4-8). In our 1. Hecker, J. F. 1986. Respiratory system, p. 38-40. In J. F.
study of sheep, the best correlation of FRC and external mea- Hecker (ed.), The sheep as an experimental animal Academic
surements was found with weight and length (equivalent to 2Press, Inc., New York, NY.

2. National Research Council. 1985. Guide for the care and
height in humans). For most of the sheep tested in this study, use of laboratory animals. NIH Publication No.85-23. Public
FRC was found to be significantly correlated with body weight, Health Service, Bethesda, MD.
length, chest circumference, and chest width. It was expected 3 Darling, R. C., A. Cournand, and D. W. Richards. 1940
that FRC in normal sheep would correlate with those body Studies on the intrapulmonary mixture of gases. III An open-

circuit method for measuring residual air. J. Clin. Invest.measurements which are associated with lung/chest size and 19:609-618.
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